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(54) Circuit for producing pulse signals with a desired diity cyde 

(57) An integrated circuit has a first circuit which 
receives an input signal and outputs a first output signal, 
wherein the first output signal Is produced by changing 
the pulse width of the input signal, a second circuit 
which receives the first output signal and outputs a sec- 
ond output signal, wherein the second output signal is 
produced by delaying the f irst output signal and a con- 
trol circuit. The control circuit has a first control circuit 
which riBceives the first and second output signals and 
consols the first circuit based on the first and second 
output signals and a second control circuit which 
receives the first and second output signals and con- 
trols the second circuit based on the first and second 
output signals. 
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Description 

[0001] The present invention relates to an Integrated 
circuit and more particularly to an integrated circuit for 
producing pulse signals with a desired duty. s 
[0002] A conventional ctrcutt of this type includes a 
pulse signal generating circuit. JP-A-60-217722 dis- 
closes a conventional integrated circuit which has the 
signal generating circuit (hereinafter refered to as a first 
conventional integrated circuit). io 
[0003] Referring to Fig. 12, the first conventional inte- 
grated circuit has a delay path LO with a delay time of t1 
•I- 12. Delay path LO consists of a series connection of a 
delay path L1 , with a delay time of t1 . and a delay path 
L2, with a delay time of, t2. The output of delay path LO 15 
is logically inverted by an inverter 1202 and fed back 
into the input of delay path LO through an OR circuit 
1 201 . The output from the middle tap point of delay path 
LO, the output of delay path LI , is also logically inverted 
by an inverter 1203 and fed back into the input of delay 20 
path LO through an OR circuit 1201. Thus, a delay loop 
with a delay time of t1 and a delay loop with a delay time 
of t1 + 12 are formed. 

[0004] Next, the operation of the first conventional 
irrtegrated circuit will be described. 2s 
[0005] As described above, logic signals (pulse sig- 
nals) circulating through the two delay loops are inte- 
grated into one logic signal by OR circuit 1201 , which is 
then returned to tiie input of delay path LO. In other 
words, signals, which circulate two types of delay loops 30 
having different delay times, interfere with each other, 
and the generated pulse signal is outputted. As a result 
by maneuvering the two delay times t1 and t2, the duty 
of the output, pulse signal, the ratio of tm = t1 and 
tm = t1 -I- 12 , is controlled to produce a desired duty. 35 
[0006] Another conventional integrated circuit is dis- 
closed in JP-A-63-237610 (hereinafter refered to as a 
second conventional integrated circuit). 
[0007] Referring to Fig. 14, the second conventional 
integrated circuit comprises: an exclusive OR circuit 40 
1401 which produces a multiplied signal by performing 
an exclusive OR operation on the input signal and the 
input signal delayed by a plurality of delay circuits 1402; 
each of which has a different delay time; a duty determi- 
nation circuit 1403 for outputting the determination sig- 45 
nal specifying the direction of change In delay amounts 
of the delay circuit 1402 for making the output of the 
exclusive OR circuit 1401 a fixed duty value; and a 
selector 1404 for inputting the determination signal from 
the duty determination circuit 1 403 and switching the so 
delay time of the delay circuit 1402 based on the speci- 
fied direction of change in delay time. 
[0008] In Fig. 15, duty determination circuit 1403 
includes an integration circuit 14031 that is used for 
detecting tiie high and low level pulse widths of the out- 55 
put signal. 

[0009] Next, the operation of the second conventional 
integrated circuit will be described. 



[0010] Duty determination circuit 1403 detects tine 
high and low level pulse widths of the multiplied signal 
outputted from the exclusive OR circuit as a voltage, 
and switches selector 1404 so tiiat the high and low 
level pulse widths become the predetermined value. 
Thus, tiie duty of the output signal produced by multiply- 
ing the input signal can be set to a desired value. 
[001 1 ] . In the first conventional integrated circuit, how- 
ever, a problem occurs because the lower limit of tiie 
operating frequency is restricted. If the delay time of the 
delay path is increased, the waveform of the pulse sig- 
nal deteriorates because the circuit is configured as a 
ring oscillator. The waveform deterioration produces 
noise which causes a malfunction. 
[0012] The first conventional integrated circuit also 
produces another problem because after the circuit 
operation stabilizes and stops for a time longer than the 
cycle of the input signal, the input signal can not be fol- 
lowed immediately when the input of the input signal is 
started again. This is because the circuit is configured 
as a ring oscillator. 

[001 3] On the other hand, in the second conventional 
integrated circuit, a problem occurs because after the 
circuit operation stabilizes and stops for a tirne longer 
tiian the cycle of the input signal, the Input signal can 
not bie followed immediately when the input of the input 
signal is started again. This is because integration cir- 
cuit 14031 is used in the duty determination means. 
[0014] The second conventional Integrated circuit 
causes other problems because the output signal is 
resti'icted to the signal obtained by multiplying the input 
signal and the duty of the output signal does not 
become 50 percent unless the duty of the input signal is 
50 percent. 

[001 5] Accordingly, an object of the present invention 
is to provide a integrated circuit which equalizes tiie 
high levd pulse width of the output signal with tiie low 
level pulse width of the output signal even if the high and 
low level pulse widths in the input signal are different 
[0016] According to one aspect of the present inven- 
tion, an integrated circuit is provided which comprises: a 
first circuit which receives an input signal and outputs a 
first output signal, wherein the first ou^ut signal is pro- 
duced by changing the pulse width of the Input signal; a 
second circuit which receives the first output signal and 
outputs a second output signal; wherein the second out- 
put signal is produced by delaying the first output signal; 
a first control circuit which receives the first and second 
output signal and controls the first circuit based on the 
first and second output signals; and a second control 
circuit which receives the first and second ou^ut sig- 
nals and controls the second circuit based on the first 
and second output signals. 

[0017] According to another aspect of the present 
invention, an integrated circuit is provided which com- 
prises: a first circuit which receives an input signal, and 
outputs a first output signal which is increased in pro- 
portion to tiie high level width of the input isignal to the 
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low level width of the Input signal when the high level 
width is less than the low level width, or in. proportion to 
the low level width of the input signal to the high level 
width of the input signal when the low level width is less 
than the high level width; and a second circuit which 
inputs the first output signal and outputs a second out- 
put signal, wherein the first output signal is produced by 
delaying the output signal. 

[001 8] Other features and advantages of the invention 
will be made more apparent by the following detailed 
description and the accompanying drawings, wherein: 

Fig. 1 is a block diagram of a first embodiment of 
the present Invention; 

Fig. 2 is a block diagram of pulse width changing 

circuit 10 of the present invention; 

Fig. 3 is a waveform diagram showing the operation 

of pulse width changing circuit 1 0; 

Fig. 4 is a block diagram of delay control circuit 20 

in the present invention; 

Fig. 5 isablockdiagramof delay selection circuit 21 
in the present invention; 

Fig. 6 is a waveform diagram showing the operation 
of delay selection circuit 21 ; 
Fig. 7 is a block diagram of phase control circuit 30 
in the present invention; 

Fig. 8 is a waveform diagram showing the operation 

of the present invention when the high level pulse 

width of the input signal is less than the low level 

pulse width of the input signal; 

Fig. 9 is a waveform diagram showing the operation 

of the present invention when the low level pulse 

width of the input, signal is less than the high level 

pulse width of the input signal; 

Fig. 10 is a block diagram of a second embodiment 

of the present invention; 

Fig. 1 1 Is a block diagram of a third embodiment of 
the present invention; 

Fig. 12 is a block diagram of a first conventional 
integrated circuit; 

Fig. 13 is a waveform diagram showing the opera- 
tion of the first conventional integrated circuit; 
Fig. 14 is a block diagram of a second conventional 
integrated circuit; and 

Fig. 15 Is a block diagram of duty determination cir- 
cuit 1403 used in the second conventional inte- 
grated circuit. 

[001 9] In the drawings, the same reference numerals 
represent the same structural elements. 
[0020] A first embodiment of the j:M-esent invention will 
be described in detail below. 

[0021] Refen-ing to Fig. 1. a integrated circuit com- 
prises: a pulse width changing circuit 10 which receives 
an input signal and changes the pulse width of the input 
signal; a delay control circuit 20 which delays the input 
signal for an optional delay time; and phase control cir- 
cuits 30 and 40 which control pulse width changing cir- 



cuit 10 and delay control circuit 20, respectively. 
[0022] Pulse width changing circuit 10 has an input 
terminal, an output terminal, and a control input termi- 
nal. The output terminal of pulse width changing circuit 

5 1 0 is connected to the input terminal of delay control cir- 
cuit 20. to an inverse input terminal of phase control cir- 
cuit 30 which detects the trailing edge of the output 
signal from pulse width changing circuit 10, and to an 
input terminal of phase control circuit 40 which detects 

10 the leading edge of the output signal from pulse width 
changing circuit 10. 

[0023] Delay control circuit 20 has an input terminal, 
an output terminal, and a control input terminal. The 
output of delay control circuit 20 is connected to an input 

IS terminal of phase control circuit 30 which detects the 
leading edge of the output signal from delay control cir- 
cuit 20, and to an inverse input terminal of phase control 
circuit 40 which detects the trailing edge of the output 
signal from delay control circuit 20. 

20 [0024] The control output of phase control circuit 30 is 
connected to the control input of pulse width changing 
circuit 10. The control output of phase control circuit 40 
is connected to the control input of delay control circuit 
20. Fig. 1 shows a typical configuration of this embodi- 

25 ment. Other similar configurations, which are not 
shown, are also intended to be covered by this embodi- 
ment. 

[0025] Phase control circuit 30 has a terminal which 
receives the falling edge of an output signal from pulse 

30 width changing circuit 1 0 and a terminal which receives 
the rising edge of an output signal from delay control cir- 
cuit 20. Phase control circuit 30 reduces the phase dif- 
fererice between the falling edge of the output signal 
from pulse width changing circuit 10 and the rising edge 

35 of the output signal from delay control circuit 20. 

[0026] Phase control circuit 40 has a terminal which 
receives the rising edge of an output signal from pulse 
width changing circuit 10 and a terminal which receives 
the falling edge of an output signal from delay control 

40 circuit 20. Phase control circuit 40 reduces the phase 
difference between the rising edge of the output signal 
from pulse width changing circuit 1 0 and the falling edge 
of the output signal from delay control circuit 20. 
[0027] Referring to Fig. 2, pulse width changing circuit 

45 10 comprises: a variable delay circuit 1 1 which arbitrary 
delays the input signal received at an input terminal 51 
and outputs the output signal; an AND circuit 12 which 
performs an AND operation on the input signal received 
at input terminal 51 and the output signal from variable 

so delay circuit 1 1 ; an OR circuit 13 which performs an OR 
operation on the input signal received at input terminal 
51 and the output signal from variable delay circuit 1 1 ; 
and a selector 14 which receives the output signals of 
AND circuit 12 and OR circuit 13, and selectively out- 

ss puts either one of the output signals to an output termi- 
nal 52. The delay time of variable delay circuit 1 1 can be 
set by a part of the control output from phase control cir- 
cuit 30 via a terminal s5, which is a part of the control 
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input. AND circuit 12 outputs an output signal s2 whose 
high levei puise width is narrowed by the delay time of 
variable delay circuit 1 1 by performing an AND opera- 
tion on the input signal received at Input terminal'51 and 
a signal si delayed by variable delay circuit 1 1 . OR cir- 5 
cult 13 outputs an output signal s3 whose high level 
pulse width Is widened by the delay time of variable 
delay circuit 11 by performing an OR operation on the 
input signal received at input terminal 51 and signal s1 
delayed by variable delay circuit 11. Selector 14 is con- 
trolled by a part of the control output from phase control 
circuit 30 via a terminal s4, and outputs either output 
signal s2 from AND circuit 12 or output signal s3 from 
OR circuit 13 to output terminal 52. 
[0028] Referring to Rg. 3. in pulse width changing cir- 
cuit 10» by adjusting the delay time of variable delay cir- 
cuit 1 1 and switching selector 14 by the control output 
from phase control circuit 30, the pulse width of the out- 
put signal, which is output from the output terminal 52, 
can be optionally changed. 

[0029] Referring to Fig. 4, delay control circuit 20 com- 
prises a plurality of delay selection circuits 21 con- 
nected in series. Delay control circuit 20 delays an input 
signal based on the control output from phase control 
circuit 40. Each of the delay selection circuits 21 selec- 
tively delay the input signal or output the input signal as 
is. In this embodiment, three delay selection circuits 
21a, 21b and 21c are connected in series. More specif- 
ically, the delay time, by which delay control circuit 20 
delays the input signal, can be set delicately by making 
the delay time of delay selection circuit 21b twice as 
long as delay selection circuit 21a. by making the delay 
time of delay selection circuit 21c twice as long as delay 
selection circuit 21b, and by individually controlling each 
of delay selection circuits 21a to 21c by the control out- 
put from phase control circuit 40 via terminals s6. s7 
and s8, respectively The number of delay selection cir- 
cuits 21 and their delay times are not limited to those 
shown in this embodiment, and can be determined 
optionally as required. 

[0030] In Fig. 5, delay selection circuit 21 includes a 
delay element 22 and a selector 23. A signal received at 
an input terminal s9 is branched into two signals, one of 
which is inputted into selector 23 as is, and the other is 
inputted into delay element 22. An output signal slO is 
delayed by delay element 22 and inputted into selector 
23. By switching the selection signal at terminal s12, 
either one of the input signals from terminal s9 or the 
output signal from delay element 22 Is selected and out- 
putted to an output terminal si 1 based on the selection 
signal at terminal si 2. 

[0031] Referring to Fig. 6, in the operation of thedelay 
selection circuit 21 , the input signal received at Input.ter^ 
minal s9 is outputted as the output signal to output ter- 
minal si 1 if the selection signal from terminal si 2 is at a 
low level. The output signal slO from delay element 22 
is outputted as the output signal to output terminal s1 1 
if the selection signal si 2 is at a hig^ level. Also, the 



delay amount can be set based on the storage capacity 
of delay element 22. 

[0032] In Fig. 7, each of the phase control circuits 30 
and 40 include a phase comparison circuit 31 and an 
up-down counter circuit 32. Phase conparison circuit 
31 receives the signals from terminal 33 for detecting 
the leading edge of the pulse signal and terminal 34 for 
detecting the trailing edge of the pulse signal and com- 
pares the phases of the leading edge from terminal 33 
and trailing edge from terminal 34. Phase comparison 
circuit 31 outputs the phase leading signal s13 and the 
phase delay signal si 4 to up-down counter circuit 32. 
Up-down counter circuit 32 counts up or down based on 
the phase leading signal si 3 or the phase delay signal 
si 4 outputted from the phase comparison circuit 31. 
and outputs the control signal to pulse width changing 
circuit 10 or delay control circuit 20. Thus, in phase con^ 
trol circuit 30. pulse width changing circuit 10 is control- 
led to minimize the phase difference of the Input signal. 
In phase control circuit 40, delay control circuit 20 is 
controlled to minimize the phase difference of the input 
signal. 

[0033] Next, the operation of this embodiment will be 
described. 

[0034] Referring to Fig. 1, a pulse signal received at 
input terminal 51 is sent to pulse width changing circuit 
1 0 and its pulse width Is changed by pulse width chang- 
ing circuit 10. Delay control circuit 20 receives the signal 
outputted from pulse width changing circuit 10 and out- 
puts it to output terminal 54 after controlling the delay 
tme. The outputs of pulse width changing circuit 10 and 
delay control circuit 20 are fed back to pulse width 
changing circuit 10 and delay control circuit 20 through 
phase control circuits 30 and 40. 
[0035] Phase control circuit 30 controls pulse width 
changing circuit 10 based on the times when' the levels 
of the output signal from pulse width changing circuit 10 
and the output signal from delay control circuit 20 
change. More specifically, phase control circuit 30 con- 
trols pulse width changing circuit 10 so that the levei of 
the output signal from pulse width changing circuit 10 
fails when the level of the output signal from delay con- 
trol circuit 20 rises. 

[0036] Phase control circuit 40 controls delay control 
circuit 20 based on the times when the levels of the out- 
put signal from pulse width changing circuit 10 and the 
output signal from delay control circuit 20 change. More 
specifically, phase control circuit 40.controls delay con- 
trol circuit 20 so that the level of the output signal fronri 
pulse width changing circuit 10 rises when the level of 
the output signal from delay control circuit 20 falls. Thus, 
in terminals 52, 53, and 54, pulse signals with the same 
pulse width at high and low levels, which are 50 percent 
duty signals, can be produced. 

[0037] In Figs. 8 and 9, the high level pulse width of 
the signal obtained from terminal 62 is equalized with 
the low level pulse width because phase control circuit 
30 controls pulse width changing circuit 10 to minimize 
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the phiase difference of the input signals. The signal 
obtained from terminal 54 Is delayed by a half cycle from 
the signal obtained from terminal 52 to produce a high 
level pulse width that is equal to the low level pulse 
width, because phase control circuit 40 controls delay 
control circuit 20 to minimize the phase difference of the 
input signals. 

[0038] When there is no phase difference between the 
trailing edge of the signal obtained from terminal 52 and 
the leading edge of the signal obtained from terminal 
54, and there is no phase difference between the lead- 
ing edge of the signal obtained from terminal 52 and the 
trailing edge of the signal obtained from terminal 54, the 
following relations are established between a cycle T of 
the input signal received at input terminal 51. a high 
level pulse width tw of the signal from tenninal 52, and a 
delay time td from delay control circuit 20: 

T = tw + td 

tw :? td. 

[0039] Since T « tw + td = 2tw , 
tw=T/2. 

[0040] Thus, a pulse signal of which pulse width tw is 
1/2 of the cycle T can be produced, that is, the duty is 50 
percent of the input signal. 

[0041] Next, a second embodiment of the present 
invention will be described below. 
[0042] Referring to Fig. 10, an integrated circuit 
according to this embodiment comprises: a pulse width 
changing circuit 1 0 which changes the pulse width of an 
input signal; a delay control circuit 20 which delays the 
input signal at an optional delay time; phase control cir- 
cuits 30 and 40 which control pulse width changing cir- 
cuit 10 and delay control circuit 20, respectively: and a 
buffer circuit 60 which delays the output signal from 
. pulse width changing circuit 10 for a predetermined time 
and sends the signal to delay control circuit 20. In this 
embodiment, all of the components and connections, 
except buffer circuit 60, are identical to the correspond- 
ing components of the first embodiment shown In Fig. 1 . 
[0043] By providing a buffer circuit 60 between the 
output of pulse width changing circuit 1 0 and the input of 
delay corrtrol circuit 20, the load on delay control circuit 
20 is decreased, and the circuit size of delay control cir- 
cuit 20 can be reduced. Therefore, the output signals 
with 50 percent duty can be distributed to many loads. 
[0044] Next, a third embodiment of the present inven- 
tion will be described below. 

[0045] Referring to . Fig. 11, an integrated circuit 
according to this embodiment comprises: a pulse width 
changing circuit 10 which changes the pulse width of an 
input signal; a delay control circuit 20 which delays the 
input signal at an optional delay time; phase control cir- 
cuits 30 and 40 which control pulse width changing cir- 



cuit 10 and delay control circuit 20, respectively; a buffer 
circuit 60 which delays the output signal from pulse 
width changing circuit 10 for a certain time and sends 
the signal to delay control circuit 20; and a phase locked 

5 loop (PLL) circuit 70 connected to the input terminal 51 
of pulse width changing circuit 10. In this embodiment, 
pulse width changing circuit 10, delay control circuit 20, 
and phase control circuits 30 and 40 are identical to the 
corresponding components of the first embodiment 

10 shown in Fig. 1 . Buffer circuit 60 is identical to buffer cir- 
cuit 60 of the second embodiment shown in Fig. 10. 
[0046] Since PLL circuit 70 is connected to the input 
terminal 51 of pulse width changing circuit 10, the input 
signal is inputted into pulse width chan^ng circuit 10 

IS after passing through PLL circuit 70. An input terminal 
53 of delay control circuit 20 is connected to the feed- 
back input of PLL circuit 70. By matching the phase of 
the feedback signal received from terminal 53, that is, 
the output signal of buffer circuit 60, with the phase of 

20 the input signal inputted into an input terminal 55 of PLL 
circuit 70, the skew due to the delay of pulse width 
changing circuit 10 and buffer circuit 60 can be mini- 
mized. 

[0047] As described above, the high level pulse width 
25 of an output signal can be equalized with the low level 
pulse width even if the high level pulse width of an input 
signal differs from the low level pulse width. Phase con- 
trol circuits detect the high level pulse width of the input 
signal and the low level pulse width, and feed back the 
30 results to adjust the pulse width of the input signal. 
Therefore, pulse signals with a duty of 50 percent can 
be produced. 

[0048] \A/hile this invention has been described in con- 
junction with the preferred embodiments described 
35 above, it will now be possible for those skilled in the art 
to put this invention into practice using various other 
manners. 

Claims 

40 

1 . An integrated circuit comprising : 

a first circuit which receives an input signal and 
outputs a first output signal, wherein said first 

45 output signal Is produced by changing the 

pulse width of said input signal; 
a second circuit which receives said first output 
signal and outputs a second output signal 
wherein said second output signal is produced 

50 by delaying said first output signal; 

a first control circuit which receives said first 
and second output signals and controls said 
first circuit based on said first and second out- 
put signals; and 

ss a second control circuit which receives said 

first and second output signals and controls 
said second circuit based on said first and sec- 
ond output signals. 
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2. The integrated circuit as ctatmed in daim 1 . wherein 
said first control circuit controls said first circuit 
based on times when levels of said first and second 
output signals change. 

3. The circuit as claimed in claim 1 or 2, wherein said 
second control circuit controls said second circuit 
based on times when levels of said first and second 
output signals change. 

4. The circuit as claimed in claim 1,2 or 3, wherein 
said first corrtrol circuit controls said first circuit so 
that the level of said first output signal falls when the 
level of said second output signal rises. . 

5. The circuit as claimed in claim 1, 2, 3 or 4, wherein 
said second control circuit controls said second cir- 
cuit so that the level of said first output signal rises 
when the level of said second output signal falls. 

6. An integrated circuit comprising: 

a first circuit which receives an input signal, 
and outputs a first output signal which is 
increased In proportion to a high level width of 
said input signal to a low level width of said 
input signal when said high level width is less 
than the low level width or in proportion to the 
low level width of said Input signal to the high 
level width of said input signal when said low 
level width is less than the high level width; and 
a second circuit which receives said first output 
signal and outputs a second output signal 
which is produced by delaying said output sig- 
nal. 
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10. The circuit as claimed in any one of claims 1 to 9, 
wherein said second control circuit 

has a first terminal which receives a rising edge 
of said first output signal and a second terminal 
which receives a falling edge of said second 
output signal, and reduces a phase difference 
between said rising edge of said first output 
signal and said falling edge of said second out- 
put signal. 

11. The circuit as claimed in any one of claims 1 to 10, 
further comprising: 

. a buffer circuit which receives said first output 
signal and outputs a third output signal to said 
second circuit, wherein said third output signal 
is produced by delaying said first output signal 
by said buffer circuit. 

1 2. The integrated circuit as claimed in claim 1 1 . further 
comprising: 

a phase locked loop circuit which receives said 
input signal and said third output signal, and 
outputs a fourth output signal to said first circuit 
so that a phase of said input signal adjusts a 
phase of said third output signal. 



7. The integrated circuit as claimed in claim 6, further 
comprising: a first control circuit which receives 
said first output signal and a second output signal, 
and controls said first circuit based on the phases of 
said first output signal and second output signal. 



40 



8. The circuit as claimed in claim 6 or 7, further com- 
prising: a second control circuit which receives said 
first output signal and a. second output signal, and 
controls said second circuit based on the phases of 
said first output signal and secfond output signal. 

9. The circuit as claimed in any one of claims 1 to 8, 
wherein said first control circuit has 
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a first terminal which receives a falling edge of 
said first output signal and a second terminal 
which receives a rising edge of said second 
output signal, and reduces a phase difference 
between said falling edge of said first output 
signal and said rising edge of said second out- 
put signal. 
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